A cosmid gene library of the genome of Lactococcus lactis subsp, lactis 712 has been constructed in the broad host range plasmid pLAFR1 in Escherichia coli LE392. Three lactococcal genes from the bank were identified by heterologous complementation of specific mutations in strains of E. coli. A cosmid clone encoding a putative lactose transport gene was identified by complementing an E. coli lacY mutant. The complemented clone supported the uptake of 14C lactose in transport assays. The DNA fragment responsible was subcloned and localised to a 1.28 kb fragment of the lactococcal chromosome.
INTRODUCTION
Significant advances have been made in understanding the genetics of dairy streptococci in recent years. However, the overwhelming majority of reports have been concerned with plasmid enCorrespondence to: S. Condon, Department of Food Microbiology and National Food Biotechnotogy Centre, University College, Cork, Republic of Ireland.
coded functions (see [1, 2] for reviews). Only a small number of studies are related to the identification and/or characterisation of chromosomal genes. Genes for/3 galactosidase [3] and lactose transport [4] have been cloned from the chromosome of Streptococcus salivarius subsp, thermophilus (formerly Streptococcus thermophilus) and a chromosomal gene affecting proteinase activity has been cloned from Lactocossus lactis subsp, lactis (formerly S. lactis) [5] . The a-acetolactate decarboxylase gene [6] was isolated from a diacetylactis strain of Lactococcus and a gene for the malolactic fermentation [7] has been identified based on the insertion of a transposon into the chromosome.
Because of the availability of well characterised mutants of E. co# in many pathways shared with Lactococcus we decided to examine the feasibility of complementating E. coli mutants as a means of identifying chromosomal genes of L. lactis.
MATERIALS AND METHODS

Bacterial strains and media
Bacterial strains and plasmids used in this study are listed in Table 1 . E. coli strains were grown on LB or M9 minimal medium [8] supplemented with [9] . Where appropriate antibiotics were present in media at the following concentrations; tetracycline, 10 #g/ml; nalidixic acid, 100 /~g/ml; kanamycin, 25 #g/ml. Growth was measured as OD600 on a Phillips model Pye Unicam PU8600 UV/Vis spectrophotometer.
Isolation and manipulation of DNA
All DNA isolations and manipulations were performed as in Maniatis et al. [8] . Total DNA from L. lactis subsp, lactis was isolated by a modification of the Gasson and Davies protocol [101.
Construction of cosmid bank
Total DNA from L. lactis subsp, lactis 712 was partially digested for 1 h with dilutions of EcoR1 followed by phenol extraction. Those digests which generated fragment lengths of 12-33 kb were ligated directly to EcoRI digested phosphatased pLAFR1 (Tc r) plasmid DNA. Lactococcal DNA and pLAFR1 were ligated with cosmid present in a four fold higher molar concentration and packaged in vitro. Packaged DNA was used to infect E. coli LE392. Infected cells were plated on LB tetracycline. All resultant colonies tested had EcoRI inserts.
DNA-DNA hybridization
DNA was transferred from agarose gels to nitrocellulose filters using the method of Southern [11] . Probe DNA was labelled with biotin-lldUTP and hybridisation was detected colourimetrically. All protocols suggested by the suppliers BRL were followed except that hybridizations were at 65 °C under high stringency conditions.
Enzyme and protein assays
fl-galactosidase assays were measured according to Miller [12] and thymidylate synthase according to the method of Friedkin [13] . Protein concentrations were estimated by the method of Lowry et al. [14] . 14C-lactose transport was assayed as follows: 1.0 #Ci (18.5 nmol) of 14C lactose was added to 0.6 ml of a washed concentrated cell suspension at 37 o C. 100 ~1 samples were filtered at one minute intervals, washed and counted. M9 salts (M9 with no added carbon source) was the suspending fluid used in the assay and also in the washes.
RESULTS AND DISCUSSION
Construction of a gene library of Lactococcus lactis subsp, lactis 712
A gene library was constructed in the cosmid pLAFR1 in E. coli LE392 as described in MATERI-ALS AND METHODS. Tc r transductants with inserts were obtained at a frequency of 3 × 103 per ~g of lactococcal DNA. From 33 cosmids chosen at random the average insert size was estimated to be 24 kb (SD = 6). According to the Clarke and Carbon equation [17] and assuming that the genomic size of lactococci is 3 × 103 kb [18] there is a > 99% probability that the gene library consisting of 1000 clones is complete.
Complementation of Escherichia coli mutants
To determine whether heterologous complementation in E. coli was a feasible strategy to identify lactococcal genes, individual clones from the gene library were tested for their ability to complement specific E. coli mutants. Strain LE392 which was used to construct and replicate the library has mutations in the lacY, galK and galT genes. None of the cosmid clones in LE392 showed an ability to metabolise galactose but one clone (pBL1) was able to grow on minimal lactose medium. This indicates the presence of a putative lactose transport gene on the chimeric cosmid in that particular clone. This complementation was confirmed by retransforming LE392 with purified pBL1 DNA.
When the entire bank was mobilised into another E. coli host X2913 (thyA Nal r) using the helper plasmid pRK2013 [17] , 5 cosmid clones were identified that were capable of complementing the thyA mutation (i.e. exconjugants grew independently of thymidine). The presence of thyA complementing DNA in each cosmid clone was confirmed by transformation of X2913 with cosmid DNA and by thymidylate synthase assays of cell-free extracts. A similar strategy was used to identify clones from the gene library which complemented a mutation in isoleucine-valine biosynthesis (a-aceto-hydroxyacid synthase) in E. coli CUI246. The identification of 3 cosmids encoding specific lactococcal genes indicates the strategy of complementing mutations in E. coli is a feasible approach for identifying cloned lactococcal genes. Some attempts at identification of lactococcal genes using this approach however, were not successful (e.g. genes involved in tryptophan biosynthesis). Among the obvious factors which could contribute to this result is the possibility that the lactococcal promoter(s) are not expressed in E. coli or alternatively that the entire coding sequences were not recovered intact.
Unlike the lactose permease of E. coli the system of lactose transport in lactococci is almost exclusively by a plasmid encoded lactose phosphotransferase [19] . It was surprising, therefore, to find that a lacY mutation in E. coli was complemented by the lactococcal DNA and for this reason the lactococcal insert of pBL1 was further investigated.
Partial characterisation of the putative lactose transport gene
The cosmid pBL1 has a 29 kb insert with 7 EcoR1 sites (Fig. 1, lanes 1 and 1') . To prove that the insert was of lactococcal origin a biotinylated probe of pBL1 was tested for its ability to hy- 3) with EcoRl and hybridisation of these digests with a biotinylated pBL1 probe (lanes 1', 2' and 3', respectively). Homology is evident between the probe and bands of 712 DNA corresponding in size with all the insert (but not the 21.6 kb vector) fragment(s) of pBLI.
bridise to DNA preparations from L. lactis subsp. lactis 712. The probe hybridised with EcoR1 cut total 712 DNA; the hybridised bands corresponded with each of the EcoR1 bands of the insert of pBL1 but not with the vector (pLAFR1) band (Fig. 1, lanes 2' and 3' ). As the total 712 DNA preparation could have included some plasmid DNA chromosomal and plasmid DNA were separately probed. Hybridization was only observed against the chromosomal DNA, (data not shown).
The growth of LE392 with pBL1 on lactose was characterised by a long lag period and a slow (Fig.  3) . The insert was not cut by HindlII, EcoRV, AvaI, BgllI, XhoI, StuI, KpnI, ClaI or HpaI.
If the 1.28 kb insert of pEL1 which complements lacy of E. coil encodes a lactose transport gene, pELI should then promote lactose uptake by E. coli lacY strains. 14C labelled lactose was clearly transported into a suspension of LE392 cells with pEL1 whereas little or no uptake was observed with LE392 cells containing only the vector plasmid pLAF1 [Fig. 3] . However, the rate of transport with pELI was only 3% of that observed with a Lac + E. coli (data not shown). This relatively slow rate of lactose uptake could explain the long lag period and slow growth rate of LE392 with pEL1 (or pBL1) in lactose minimal mediUm (Fig. 4) .
It is clear from these experiments that full restoration of the transport defect in the E. coil [15] ) allowed slow growth on lactose [20] . Further characterisation and mutation analysis on the putative lactose transport gene of pELI is needed to establish its physiological significance.
